Abstract. In the real decision-making, there are many multiple attribute decision-making (MADM) problems, in which there exists the prioritised relationship among decision-making attributes. In this paper, with respect to the prioritised multi-criteria decision-making problems under intuitionistic trapezoidal fuzzy information, a new decision-making method on the basis of the intuitionistic trapezoidal fuzzy prioritised ordered weighted aggregation operator has been proposed. Firstly, the definitions, operational rules and characteristics of intuitionistic trapezoidal fuzzy numbers and POWA operator have been introduced. Then, intuitionistic trapezoidal fuzzy prioritised ordered weighted aggregation (ITFPOWA) operator has been defined as well as the computational method of associated weight, and some properties have been studied and proved. Furthermore, based on the ITFPOWA operator, an approach to the multi-criteria decision-making with intuitionistic trapezoidal fuzzy numbers has been established. Finally, an illustrative example has been given to prove the evaluation procedures of the developed approach and to demonstrate its practicality and validity.
Introduction
There are many multi-attribute decision-making (MADM) problems, which received considerable attention in the past few years. Since Zadeh (1965) proposed the theory of fuzzy set (FS), the research on fuzzy MADM (FMADM) problems has become a hot focus . Based on the fuzzy set, Atanassov (1986) presented the intuitionistic fuzzy set (IFS) by adding a new non-membership function, and then Atanassov and Gargov (1989) , Atanassov (1994) proposed the interval-valued intuitionistic fuzzy set (IVIFS), which is a generalisation of the FS and IFS. The basic feature of the IVIFS is that the values of its membership function and non-membership function take the form of interval numbers rather than crisp numbers. On the basis of the presented theory, a great amount of extensions have been made (Yu, Shi 2015) . Shu et al. (2006) presented the definition of intuitionistic triangular fuzzy number, and constructed an algorithm of the intuitionistic fuzzy fault-tree analysis. Zhang and Liu (2010) defined the triangular intuitionistic fuzzy numbers by extending the membership degree and the non-membership degree to the triangular fuzzy numbers, and proposed the weighted arithmetic averaging operator and the weighted geometric average operator. Furthermore, based on these operators, a method of multiple attribute group decision-making (MAGDM) with triangular intuitionistic fuzzy information has been established. New arithmetic operations and logic operators for triangular intuitionistic fuzzy numbers and a new method based on evidential reasoning were presented by Wang et al. (2013a Wang et al. ( , 2013b . The hesitant FMADM problem was investigated and some prioritised aggregation operators for aggregating hesitant fuzzy information were proposed, namely, hesitant fuzzy prioritised weighted average (HFPWA) operator and hesitant fuzzy prioritised weighted geometric (HFPWG) operator (Wei 2012) . Some prioritised aggregation operators for aggregating triangular fuzzy information have been developed by Zhao et al. (2013) . Fuzzy number intuitionistic fuzzy prioritised weighted average (FNIFP-WA) operator and fuzzy number intuitionistic fuzzy prioritised weighted geometric (FNIF-PWG) operator were proposed by Lin et al. (2013) . The method with intuitionistic interval fuzzy information was applied to group decision-making .
At present, there are some studies on the intuitionistic trapezoidal fuzzy numbers mainly including the following: Wang (2008) proposed the conception of the intuitionistic trapezoidal fuzzy number and interval intuitionistic trapezoidal fuzzy number. Wang and Zhang (2008) proposed a programming method for the MADM problems with intuitionistic trapezoidal fuzzy number and incomplete weight information. Wan and Dong (2010) defined a new ranking method by using the coordinates of gravity centre about intuitionistic trapezoidal fuzzy number, and proposed the ordered weighted aggregation operator and hybrid aggregation operator to solve the MADM problems with intuitionistic trapezoidal fuzzy numbers. Wei (2010) proposed the intuitionistic trapezoidal fuzzy ordered weighted averaging (ITFOWA) operator and intuitionistic trapezoidal fuzzy hybrid aggregation (IT-FHA) operator and pointed out a method with respect to MAGDM problems, where the attribute values are intuitionistic trapezoidal fuzzy information. The weighted geometric aggregation operator of trapezoidal fuzzy numbers for group decision-making was presented by Liu and Jin (2012a) . Some new aggregation operators including interval intuitionistic trapezoidal fuzzy ordered weighted geometric (IITFOWG) operator and interval intuitionistic trapezoidal fuzzy hybrid geometric (IITFHG) operator were proposed, and some desirable properties of these operators were studied by Wei et al. (2012) . Zhang et al. (2013) proposed a grey relational projection method for the MADM problems with the intuitionistic trapezoidal fuzzy number and the unknown weight information. Liu and Yu (2013) proposed the method of calculating density weighted vector and developed some density aggregation operators based on interval numbers and intuitionistic trapezoidal fuzzy numbers. Then, a multiple attribute decision-making method for the MADM problems with the intuitionistic trapezoidal fuzzy numbers was presented. proposed an intuitionistic trapezoidal fuzzy power generalised weighted average (ITFPGWA) operator, and propounded an approach to deal with group decision-making problems under intuitionistic trapezoidal fuzzy information based on the ITFPGWA operator. Chen and Liu (2014) proposed the intuitionistic trapezoidal fuzzy generalised Heronian OWA operator, and applied it to the MADM problems where the evaluation of information is depicted by intuitionistic trapezoidal fuzzy information. Heronian mean operators were applied for group decision-making . Uncertain linguistic variables and uncertain linguistic operators were analysed (Liu, Jin 2012b , 2012c Liu, Yu 2014; Liu, Wang 2014) .
The above researches were mainly on the MADM problems, in which attributes have been independent of each other and had no precedence relationship. However, in real decision-making, there exists a kind of MADM problems with the precedence relationship between the attributes. Yager (2004) studied this kind of the decision-making problems and emphasised that the importance of attributes with a lower priority has been determined on the basis of the extent, to which alternatives should satisfy the attributes with higher priority. Then, Yager (2008) proposed a prioritised aggregated operator and further constructed the prior "anding" operator and the prior "oring" operator in 2008. Based on prioritised aggregated operator, Yager (2009) proposed the prioritised ordered weighted average (OWA) operator for the prioritised decision-making problems, in which there exists a relationship between the criteria. Zeng et al. (2014) applied the weighted average operator to business decision-making. Yan et al. (2011) used the Hamacher parameterised t-norms to induce the priority weight for each priority level and proposed a benchmark-based approach to induce the priority weight for each priority level. Then, target-oriented decision analysis has been utilised to obtain the benchmark achievement for fuzzy requirements. Some of Hamaxer aggregation operators were applied to group decision-making (Liu 2014) . Some new aggregation operators based on the Choquet integral and Einstein operations and considering the interactions phenomena among the decision-making criteria or their ordered positions were proposed by Xu et al. (2014) . The intuitionistic fuzzy group decision-making problem, in which all the experts use the intuitionistic fuzzy preference relations (IFPRs) to express their preferences was analysed by Liao et al. (2015) . Xu et al. (2011) defined intuitionistic fuzzy prioritised ordered weighted average (IF-POWA) operator and established the corresponding method on the basis of IFPOWA operator. Guo et al. (2011) developed the prioritised ordered weighted C-OWA (POWC-OWA) operator and prioritised ordered weighted C-OWG (POWC-OWG) operator, and analysed some of their characteristics. Based on POWC-OWA operator, a new method was constructed for solving the MADM problems, in which the attribute values are interval numbers.
Based on the aforementioned analysis, aiming at the MADM problems, in which there exists a priority relationship between the criteria and the criteria values are intuitionistic trapezoidal fuzzy numbers, we integrate intuitionistic trapezoidal fuzzy numbers and prioritised aggregated operator, and propose the intuitionistic trapezoidal fuzzy prioritised ordered weighted average (ITFPOWA) operator. Then, we propose an MADM method on the basis of the ITFPOWA operator. In the end, an illustrative example has been given to prove the effectiveness and feasibility of the method.
In order to do so, the remainder of this paper is organised as follows: in Section 1, we have briefly reviewed some basic concepts, operational rules, comparison method and the expected value of the intuitionistic trapezoidal fuzzy numbers, and introduced the definition of the POWA operator and the relevant weights. In Section 2, we have proposed an intuitionistic trapezoidal fuzzy prioritised ordered weighted aggregation (ITFPOWA) operator, and discussed some properties. Section 3 gives a method for the multi-criteria decision-making with intuitionistic trapezoidal fuzzy numbers based on the ITFPOWA operator. In Section 4, we have given an example to show the decision-making steps. The last Section ends this paper with some conclusions.
Preliminaries

Intuitionistic trapezoidal fuzzy numbers
Definition 1. Let a  be an intuitionistic trapezoidal fuzzy number, if its membership function is defined as (Wang, Zhang 2008) : ( ) , ;
, ;
and its non-membership function is defined as
where 0 Comparing with the intuitionistic fuzzy numbers, intuitionistic trapezoidal fuzzy numbers added to trapezoidal fuzzy numbers [ , , , ] a b c d can express different dimensional decision-making information more exactly.
Definition 2 (Wang, Zhang 2008) . Let a  and 2 a  can be defined as follow: a  and 2 a  :
It is easy to prove Theorem 1; therefore, it is omitted here. a a ≥   is:
where
For a set of intuitionistic trapezoidal fuzzy numbers [ , , , ] ; , 
where ( In addition, the position weight vector t can be determined by combinatorial numbers, as follows (Wang, Xu 2008) : Suppose T i is the measurement of the relative importance in every prioritised level. Let
Let r i be a normalised priority-based weight, and ( ) 
Choose the BUM function:
Let the weight vector associated with the category ( ) 
Intuitionistic trapezoidal fuzzy prioritised ordered weighted aggregation (ITFPOWA) operator
Definition of ITFPOWA operator
Supposed there is a set of attributes 
, make:
, 
Associated weighted vector
Suppose T i is the measurement of the relative importance of intuitionistic trapezoidal fuzzy numbers in every prioritised level, let T 1 = 1, V i is the expected value of the intuitionistic trapezoidal fuzzy number i f  . Then,
Let r i be the normalised prioritised weight, ( ) i r σ -the corresponding prioritised weight
 , and let
Choose the BUM function: 
Proof. We can use the mathematical induction method to prove this theorem. When n = 2,
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where ( ( , ) F a a    is intuitionistic trapezoidal fuzzy number, and
(1)
, . 
Supposed n = k, theorem 2 is right, that is
Then when n = k + 1, we can get
So, when n = k + 1, theorem 2 is still right. According to the principle of mathematical induction method, we can state that Theorem 2 holds. 
Proof: 
Proof:
Because
So, we can get 
Multi-attribute decision-making method based on the ITFPOWA operator
Step 2 
Calculate the associated weighted vector
Take A 1 for an example. According to Formulas (24-27) we can get 
Step 3. Use the matrix of possibility degree to rank all alternatives. According to Formula (13), we can build the matrix of the possibility degree: A A A A    , we can conclude that A 4 is the best candidate.
In order to verify the validity of the proposed method, we used the weighted geometric aggregation operator as suggested by Liu and Jin (2012a) to solve this decision-making problem, and we obtained the ranking result 4 1 3 2 A A A A    . Obviously, the same ranking results have been produced by two methods. However, the newly proposed decision-making method can consider the prioritised relationship among the attributes, and in the method proposed by Liu and Jin (2012a) , the attribute values were considered to have an equal status.
Conclusions
In real decision-making, there are many multiple attribute decision-making (MADM) problems, in which there exists the prioritised relationship among decision-making attributes. At the same time, the intuitionistic trapezoidal fuzzy numbers make it easier to express the fuzzy information. So, the research on the prioritised fuzzy MADM method based on the intuitionistic trapezoidal fuzzy numbers has broad application prospects. In addition, the traditional POWA operator is generally suitable for aggregating the information taking the form of numerical values, and yet it fails in adapting to intuitionistic trapezoidal fuzzy numbers. Therefore, in this paper, with respect to MADM problems whose attributes have the prioritised relations and the values of attributes take the form of intuitionistic trapezoidal fuzzy numbers, we combined POWA operator with the intuitionistic trapezoidal fuzzy numbers, and have developed an intuitionistic trapezoidal fuzzy prioritised ordered weighted average (ITFPOWA) operator. Some properties of the operator have also been analysed. Furthermore, based on the above operator, we have proposed an approach to decision-making problems, in which the attribute values were intuitionistic trapezoidal fuzzy numbers. The prominent characteristic of the developed approach is that they can take the prioritised relationship between attributes into account. In the end, an illustrative example has been given to show the steps of the proposed method and to indicate its practicality and validity.
Because intuitionistic trapezoidal fuzzy numbers are more suitable to be used for depicting uncertain or fuzzy information, it has been widely used in real decision-making, such as science and technology project review, blind paper review and so on. At the same time, as the aforementioned method can consider the prioritised relationship among attributes, it is more scientific to do decision-making based on them. In the future, we will keep on studying the extension and applications of the established operators to other domains.
